Endogenous histamine is involved in tissue growth and cell proliferation. In accordance with a putative function of the H 3 receptor in this mitogenic effect, we show that H 3 -receptor mRNAs are expressed together with those of the histamine-synthesizing enzyme in the embryonic liver and adipose tissue, and in various epithelia. Finally, we show that activation of recombinant H 3 receptors enhances MAP kinase activity. q
Results and discussion
Histamine was long ago proposed to act as a mitogenic factor (Kahlson et al., 1960 (Kahlson et al., , 1963 Kahlson and Rosengren, 1968) . Depletion of histamine levels is associated with inhibition of tumor growth (Bartholeyns and Bouclier, 1984) , and histamine and transcripts for L-histidine decarboxylase (HDC), the histamine-forming enzyme, were transiently evidenced in various rat embryonic tissues (Nissinen and Panula, 1991; Nissinen et al., 1995) . The H 3 receptor (H 3 R) regulates the release of various neurotransmitters in brain and peripheral tissues (Schlicker et al., 1994; Schwartz et al., 1995) and the rat H 3 R cDNA has been cloned (Lovenberg et al., 2000; Morisset et al., 2000) . To investigate the involvement of the H 3 R in tissue growth, we analyzed the localization of H 3 R mRNAs in developing rat tissues by in situ hybridization and PCR analysis, and compared their expression pattern with that observed for hdc mRNAs.
H 3 R mRNAs, exclusively expressed in the nervous system at earlier stages, became detectable in many tissues from day E18, whereas hdc mRNAs displayed a highly discrete distribution ( Fig. 1 and Table 1 ).
In the brain, histaminergic neurons become HDC-and histamine-immunoreactive from days E16 and E20, respectively (Reiner et al., 1988; Auvinen and Panula, 1988) , and H 3 R binding sites are not detectable until day P9 (Ryu et al., 1995) . We could observe hypothalamic hdc signals and cerebral H 3 R mRNAs as early as day E14, presumably due to the higher sensitivity of the cRNA probes (Fig. 1) . H 3 R mRNAs were observed in many neurons of spinal cord and ganglia (Figs. 1 and 2), in agreement with the presence of functional H 3 Rs on peripheral nerve endings (Schlicker et al., 1994; Rouleau et al., 1997) . We could not detect any hdc mRNA expression in embryonic peripheral neurons previously reported to contain histamine (Ha Èppo Èla È et al., 1991; Nissinen et al., 1995) .
In the thymus, histamine stimulates cell proliferation (Head et al., 1998) and we observed high levels of H 3 R mRNAs (Fig. 1) . In the developing rat kidney and heart, H 3 R mRNA expression ( Fig. 1 and Table 1 ) is accompanied by histamine immunoreactivity (Nissinen and Panula, 1991; Nissinen et al., 1992) .
In the embryonic liver, we found very high hdc mRNA expression, HDC enzyme activity and histamine content, as previously reported (Kahlson et al., 1960; Taguchi et al., 1984; Nissinen et al., 1995) (Fig. 1 and Table 2) , and H 3 R mRNA isoforms that we identi®ed in brain (Morisset et al., 2001) were transiently expressed together with hdc mRNAs (Figs. 1 and 3) .
In the embryonic adipose tissue, hdc mRNA expression was found within mast cells (Fig. 4) . Consistent with a histamine storage (Desautels et al., 1994) , it was accompanied by a moderate HDC enzyme activity but high overall histamine content (Table 2) . PCR analysis and in situ hybridization revealed a strong but transient expression of H 3 R mRNAs in the lipoblasts (Figs. 1, 3 and 4) , no H 3 R signals being detectable within adult adipocytes (not shown). Among mast cells from peripheral tissues, only some expressed hdc mRNAs (Figs. 4 and 5), suggesting cellspeci®c regulations of hdc expression (Nakagawa et al., 1997 ). None of them expressed H 3 R transcripts, in agreement with studies that failed to detect H 3 Rs on mast cells (Bent et al., 1991; Rozniecki et al., 1999 ).
We found a high H 3 R mRNA expression within epithelia. In the skin, histamine regulates epidermal turnover (Maurer et al., 1997) and epithelial cells express H 3 R mRNAs (Fig.  4) . In the adult intestinal mucosa, epithelial cells lining the crypts of Lieberku Èhn express H 3 R transcripts (Fig. 5) and have their proliferation increased by histamine (Tutton, 1976) . The respiratory, pulmonary and tongue epithelia co-express H 3 R and hdc mRNAs (Figs. 1 and 5), and many embryonic epithelia display histamine immunoreactivity (Nissinen et al., 1995) .
In the stomach, H 3 R mRNAs were detected from day E18 ( Fig. 1 ) and became widely expressed within the adult gastric mucosa (Fig. 5 ), in accordance with the presence of H 3 Rs on various cell types (Prinz et al., 1993; Vuyyuru et al., 1995) .
Finally, we show that stimulation of recombinant H 3 Rs expressed in ®broblasts enhances MAP kinase activity (Fig. 6 ) and cell proliferation (not shown). Fig. 1 . Distribution of H3-receptor (H 3 R) (A) and L-histidine decarboxylase (hdc) (B) gene transcripts during development. In situ hybridization analysis was performed with selective antisense riboprobes in sagittal sections from whole rat embryo (day E14 to E22) and newborn rat (postnatal day P4) (scale bar: 3.3 mm). No background signals could be seen with the corresponding sense probes (not shown). (A) The highest expression level of H 3 R mRNAs occurred in the central and peripheral nervous system, adipose tissue, skin, thymus, respiratory and tongue epithelia. The strong expression observed in the adipose tissue was transient and developmentally regulated, being maximal on day E20 and very low at early postnatal stages. H 3 R signals were also found in many other tissues such as the salivary glands, gastric and intestinal mucosa, lung, heart, liver and kidney. (B) A very high but transient hdc mRNA expression was evidenced in the embryonic liver from day E14 to day E22. A high but transient hdc mRNA expression was also observed in the lung, being maximal on day E18 in the epithelium of intrapulmonary bronchioles and alveoli, and then progressively lower and restricted to bronchioles. High hdc signals were detected in the respiratory and tongue epithelia. In the brain, hypothalamic hdc signals were detected centrally near the mammillary recess from day E14 and hdc mRNA expression was also found at the ventricle border in the choroid plexus and ®ssure. Hdc signals could be detected in several other tissues such as the thymus, salivary glands, skin, intestine and adipose tissue. In the stomach, hdc mRNA expression was not observed during embryogenesis but became detectable at early postnatal stages. (C) Adjacent histological sections were stained with hemalun and eosine (scale bar: 3.3 mm). 
a 2 , undetectable;^, very low; 1, low; 11, medium; 31, high; 41, very high; nd, not determined; *, presence of mast cells expressing hdc mRNAs.
Further studies are needed to substantiate the involvement of H 3 Rs in development that the present studies have brought forward.
Materials and methods
For in situ hybridization, cryostat sections (10 mm) from embryos, 4-day old pups and organs of Wistar rats (Iffa Credo, France) were performed and incubated as described , and exposed for 1 week to b max Hyper®lms (Amersham), or dipped in a photographic emulsion (LM-1, Amersham) for 2 weeks. Dipped sections a Histamine (HA) levels, tele-methylhistamine (t-MeHA) levels and Lhistidine decarboxylase (HDC) activity were measured in adipose tissue and liver on day E22. Tissue homogenates were brought to a ®nal concentration of 0.4N perchloric acid, centrifuged (50,000 £ g/min) and the supernatant used to determine endogenous HA and t-MeHA levels. HA levels were determined using an enzymoimmunoassay (Immunotech). t-MeHA levels were measured using a radioimmunoassay (Garbarg et al., 1989) . HDC enzyme activity was measured using [ 3 H]L-histidine (Amersham) as a substrate in a radiochromatographic assay in which [ 3 H]HA was measured after puri®cation on Amberlite CG-50 columns (Garbarg et al., 1983) . Mean^SEM of values from 12 embryos. Fig. 3 . RT-PCR analysis of H 3 R and hdc mRNAs in embryonic and adult rat tissues. Total RNAs from embryonic cervical adipose tissue and liver on day E22 and from liver and brain at adult stages were digested with RNasefree DNase I in order to avoid any ampli®cation of residual genomic DNA and subjected to reverse transcription. The obtained templates were ampli®ed for 35 cycles (94, 55, and 728C for 30, 30, and 60 s, respectively) with primers corresponding to nucleotides 1119 to 1148 and 1733 to 1752 of the rat hdc sequence, respectively (Joseph et al., 1990) , and to nucleotides 494 to 522 and 991 to 1020 of the rat H 3 R sequence (Lovenberg et al., 2000; Morisset et al., 2000 Morisset et al., , 2001 . A hdc cDNA fragment with the predicted size (~630 bp) was ampli®ed. The tissue distribution of H 3 R mRNAs was analyzed by Southern blot of RT-PCR ampli®cations. Several H 3 R cDNA fragments with sizes corresponding to rat H 3(445) , H 3(413/410) and H 3(397) isoforms (Morisset et al., 2001) , were ampli®ed in the embryonic adipose tissue, embryonic liver and adult brain but not in the adult liver. No RNA was added in the control. b-actin mRNAs were ampli®ed for 25 cycles.
were observed with a photomicroscope (Zeiss) after couterstaining with Mayer's hemalun. The H 3 R probe was a partial coding sequence of the rat H 3 R ampli®ed with primers described previously (Lovenberg et al., 1999) . The ampli®ed C-terminal part (nt 1603±1984) of rat HDC (Joseph et al., 1990 ) was used as the hdc probe. or sense-strand RNA probes were prepared by in vitro transcription (Riboprobe kit, Promega). Fig. 6 . Effect of H 3 -receptor ligands on p42/p44 MAP kinase activity in CHO(H 3 ) cells. Stable transfection of CHO-K1 cells with the full-length coding sequence of the rat H 3 receptor was performed as previously described . CHO(H 3 ) cells were incubated for 10 min with 100 nM imetit, a selective H 3 -receptor agonist (Garbarg et al., 1992) , and, when required, 3 mM ciproxifan, a selective H 3 -receptor antagonist (Ligneau et al., 1998) . After washing, lysis and centrifugation of the cells, the supernatant was used to measure cytoplasmic MAP kinase activity with a p42/p44 MAP kinase enzyme assay (Amersham Life Science) and [g - 33 P]ATP. Results, expressed as percent of basal MAP kinase activity, are means^SEM of 6±12 values obtained in two separate experiments. *P , 0:001 vs. basal activity, a P , 0:001 vs. imetit.
